The effect of weight reduction on serum lipids in relation to visceral fat accumulation was studied in 78 healthy obese subjects (40 premenopausal women and 38 men) aged 27-51 years and with an initial body mass index of 30.7±2.2 kg/m 2 (mean±SD). The subjects received a 4.2 MJ/day energy-deficit diet for 13 weeks. Magnetic resonance imaging was used to assess abdominal fat areas before and after weight loss. Weight reductions of 12.6±3.2 kg in men and 11.7±3.8 kg in women resulted in larger reductions in the fasting serum levels of total cholesterol (p<0.05), low density lipoprotein cholesterol (p=0.06), and triglycerides (p<0.01) and a larger increase in the high density lipoprotein cholesterol/low density lipoprotein cholesterol ratio (p=0.05) in men compared with women. Men also lost more visceral fat (p<0.0001), whereas the reductions in the total and subcutaneous abdominal fat depots were similar. In women, viscera) fat loss was significantly related with an increase of the high density lipoprotein cholesterol level, independent of the degree of total fat loss. In men, however, no significant correlations were observed between changes in visceral fat and any of the serum lipids. Comparisons of average changes in obese men and women suggest that visceral fat loss is associated with an improvement of the serum lipid profile. However, correlation analysis does not support a critical role of visceral fat in determining serum lipid concentrations on an individual level, except for an improvement of the high density lipoprotein cholesterol level with visceral fat loss in obese women. rence of several metabolic aberrations of obesity, such as diabetes mellitus and coronary heart disease, are related to body fat distribution.
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The effect of weight reduction on serum lipids in relation to visceral fat accumulation was studied in 78 healthy obese subjects (40 premenopausal women and 38 men) aged 27-51 years and with an initial body mass index of 30.7±2.2 kg/m 2 (mean±SD). The subjects received a 4.2 MJ/day energy-deficit diet for 13 weeks. Magnetic resonance imaging was used to assess abdominal fat areas before and after weight loss. Weight reductions of 12.6±3.2 kg in men and 11.7±3.8 kg in women resulted in larger reductions in the fasting serum levels of total cholesterol (p<0.05), low density lipoprotein cholesterol (p=0.06), and triglycerides (p<0.01) and a larger increase in the high density lipoprotein cholesterol/low density lipoprotein cholesterol ratio (p=0.05) in men compared with women. Men also lost more visceral fat (p<0.0001), whereas the reductions in the total and subcutaneous abdominal fat depots were similar. In women, viscera) fat loss was significantly related with an increase of the high density lipoprotein cholesterol level, independent of the degree of total fat loss. In men, however, no significant correlations were observed between changes in visceral fat and any of the serum lipids. Comparisons of average changes in obese men and women suggest that visceral fat loss is associated with an improvement of the serum lipid profile. However, correlation analysis does not support a critical role of visceral fat in determining serum lipid concentrations on an individual level, except for an improvement of the high density lipoprotein cholesterol level with visceral fat loss in obese women. rence of several metabolic aberrations of obesity, such as diabetes mellitus and coronary heart disease, are related to body fat distribution. 12 A relative predominance of visceral fat in the abdominal region seems to be a more important predictor for these metabolic disorders than is total body fatness.
In numerous studies, the influence of weight reduction on changes in serum lipids in obesity has been examined. There have been only a few studies investigating the relations between changes in body fat distribution and changes in serum lipid levels in response to weight reduction. 3 -5 In two of these studies, 3 ' 4 changes in body fat distribution were measured by the waist/hip ratio, which is the commonly used anthropometric index for adipose tissue distribution. However, it has been previously demonstrated that changes in the waist/hip ratio seem to be inappropriate for the evaluation of changes in visceral fat. 6 
>
7 Only Fujioka et al 5 have reported, in a study of obese Japanese women, relations between changes in visceral fat measured by computed tomography and changes in serum lipids. To our knowledge, no previous studies have investigated the associations between changes in serum lipid levels and changes in the visceral fat depot in obese men. Men have more visceral fat 8 and a serum lipid profile that indicates a higher risk for coronary heart disease compared with women. 8 ' 9 Visceral adipose tissue has been proposed to be the most important fat depot related to an unfavorable lipid profile. 10 Recently, we have shown that there is a larger reduction in visceral fat with weight loss in obese subjects with an initial abundance of visceral fat than in obese subjects with smaller amounts of visceral fat.
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This preferential reduction in visceral fat, which may be due to the proposed elevated lipolytic capacity of the visceral adipocytes, 12 is expected to be accompanied by favorable changes in the serum lipid profiles after a period of energy restriction, particularly in obese subjects with visceral fat accumulation. The purpose of this study was to investigate the effects of a controlled slimming diet during 13 weeks on serum lipids and on body fat distribution in obese men as well as in obese women. Particular attention was focused on whether reductions in the visceral fat depot, measured by magnetic resonance imaging, were correlated with favorable changes in the serum lipid profile in obese subjects.
Methods

Subjects
Participants were recruited by means of advertisements in local newspapers. Ninety-six obese subjects (48 women and 48 men) were selected on the basis of their body mass index (between 28 and 38 kg/m 2 ), age (between 25 and 51 years), premenopausal state, smoking behavior (fewer than five cigarettes per day), and drinking behavior (fewer than two alcoholic consumptions per day). All subjects were apparently healthy, as judged by their medical history and a physical examination. Subjects with glycosuria and proteinuria were excluded. Throughout the study, none of the volunteers received medication known to affect the variables measured in this study, and the women did not use oral contraceptives before or during the study. None of the subjects had been on a slimming diet for several months before the study. Subjects with an abdominal and gluteal-femoral fat distribution, based on the waist/hip ratio (cutoff points, 0.85 in women and 1.00 in men), were matched for age and body mass index by sex. Fourteen subjects did not complete the dietary treatment successfully: four were excluded because of intercurrent illness, six were excluded for personal reasons, and four were excluded because of suspicion of poor dietary compliance. In addition, data were excluded for two subjects who were later diagnosed as having subclinical hypothyroidism and two who were later found to have severe hyperinsulinemia (>100 microunits/mL). Data for statistical analysis remained for 78 subjects (40 women and 38 men). All subjects gave their written informed consent to participate in this study, which was approved by the Medical Ethics Committee of the Department of Human Nutrition. The procedures had been fully explained to the volunteers.
Experimental Design and Diet
Subjects were divided into four groups; each group was given a different weight-maintaining diet before weight loss. The groups did not differ with respect to fat distribution (neither in the waist/hip ratio nor in abdominal fat depots). The diets were individually tailored to meet each person's energy requirement, which was estimated from resting metabolic rate and physical activity pattern as described previously. 13 Body weights were recorded twice a week by the subjects, and energy intakes were adjusted to maintain individual weight stability. After this weight-stable period of 3-10 weeks, baseline measurements were performed to determine body composition, fat distribution, and serum lipids in the week preceding the weight-loss treatment. The weight-stable period was followed by a period of 13 weeks during which the subjects received a 4.2 MJ/day energy-deficit diet. Individual energy deficits were based on estimated daily energy intake at the end of the weight-stable period preceding the period of energy restriction. After the energy-deficit period, the subjects were given a diet for 3 weeks to maintain the new achieved body weight; this diet had the same nutrient composition as the weight-reduction diet (postslimming diet). At the end of this period, all measurements were repeated.
The nutrient composition of the diets was calculated with the use of the Dutch computerized food-composition table.
14 Ninety-five percent of the energy intake in each dietary period was supplied individually to the volunteers by the Department of Human Nutrition. In addition, the participants were allowed to choose a limited number of food items, free of fat and cholesterol, that provided a fixed amount of 5% of the total daily energy intake. Duplicate portions of each diet were collected, stored at -20°C, pooled per diet period, and analyzed after the study. These chemically determined values were combined with the values calculated 14 for the free-choice items ( Table 1) . The weight-stable diets consisted of conventional foods, whereas the energy-deficit diet was a combination of slimming products and conventional foods. The subjects were instructed to maintain their habitual physical activity pattern and smoking habits during the study period. They were asked to record any sign of illness, deviations from the diet, medication used, freechoice item, and changes in smoking and activity patterns in a diary. Compliance to the diet was checked by weight control and meetings with trained dietitians every 2 weeks.
Blood Sampling and Analyses
Venous blood was drawn twice in the morning after an overnight fast of 11-13 hours, with an interval of 2 days. The mean concentration of the two samples was used for statistical analysis. Serum was prepared by low-speed centrifugation within 1 hour after venipuncture and stored at -80°C until analysis. Total serum cholesterol was determined by an enzymatic colorimetric method. 15 Serum high density lipoprotein (HDL) cholesterol was measured by the same enzymatic method 15 after precipitation by dextran sulfate-Mg 2+ . 16 Serum triglycerides were determined as previously described. 17 The within-run coefficient of variation of control sera was 1.3% for total cholesterol, 1.6% for HDL cholesterol, and 1.6% for triglycerides. The between-run coefficient of variation of control sera was 0.7% for total cholesterol, 1.1% for HDL cholesterol, and 0.9% for triglycerides. Accuracy for total cholesterol and triglycerides was checked by analysis of serum pools of known value provided by the US Centers for Disease Control, Atlanta, Ga. Accuracy for HDL cholesterol was checked by serum pools of known value produced by Solomon Park Research Laboratories, Kirkland, Wash. The mean bias with regard to target values of the Centers for Disease Control was +0.11 mmol/L for total cholesterol and -0.02 mmol/L for triglycerides. The mean bias with regard to the Solomon Park target value for HDL cholesterol was +0.08 mmol/L. The low density lipoprotein (LDL) cholesterol concentration was calculated using the Friedewald equation. 18 The ratio of HDL cholesterol to LDL cholesterol (HDL/LDL ratio) was calculated as an index of atherogenicity.
Body Composition
All anthropometric measurements were made with the subjects wearing only swimming gear or underwear. Body weight was determined to the nearest 0.05 kg on a digital scale (model ED-60-T, Berkel, Rotterdam, The Netherlands), and body height was measured to the nearest 0.001 m using a wall-mounted stadiometer. Body mass index was calculated as weight (kilograms) divided by height squared (square meters). Whole-body density was determined by underwater weighing. 19 Residual lung volume was measured simultaneously by a helium dilution technique. 20 Percent body fat was calculated from total body density by the equation of Siri. 19 Percent body fat of two subjects was determined from weight and total body water as assessed by deuterium oxide dilution, assuming a hydration coefficient of the fat free mass of 0.73. 21 These subjects were afraid of complete immersion under water.
Fat Distribution
Waist circumference was measured midway between the lower rib margin and the iliac crest at the end of a gentle expiration. The hip circumference was measured at the level of the widest circumference over the great trochanters. Both circumferences were measured to the nearest 0.001 m with the subjects in a standing position. Magnetic resonance imaging scans were made on a whole-body scanner (Gyroscan S15, Philips Medical Systems, Best, The Netherlands) using a 1.5-T magnetic field (64 MHz) and a slice thickness of 10 mm. Transverse magnetic resonance imaging scans were taken midway between the lower rib margin and the iliac crest while subjects were lying supine. The scans were performed and interpreted as described previously. 22 In this obese population, the reproducibility of the fat area determinations from the same scan, expressed as the coefficient of variation, before weight loss was 1.8%, 5.0%, and 2.2% for the estimation of total, visceral, and subcutaneous abdominal fat areas, respectively; after weight loss, the values were 2.3%, 5.7%, and 2.0%, respectively. In six subjects (three women and three men), only the measurements before weight loss could be used for statistical analysis because of incorrect measurements after weight loss. 
Statistical Methods
Deviations from normality of the distributions of the variables were checked within each sex. The distributions of triglycerides, visceral fat, and the changes in visceral fat and triglycerides were slightly skewed. Natural logarithm-transformed values for triglycerides and visceral fat were performed in statistical analyses. No transformations for change in visceral fat and change in triglycerides were used because this resulted in findings principally identical to analyses based on normally distributed variables. Differences in variables before and after the weight loss treatment were tested by Student's paired / test. Pearson's product-moment correlations and partial correlation coefficients were computed within each sex by using univariate and multiple linear regression techniques with serum lipids as dependent variables and the covariates as independent variables. Differences between the regression lines for men and women were tested for differences in slopes and intercepts as described by Kleinbaum et al. 23 Regression analysis was also used to determine the effects of changes in visceral fat on the gender differences in changes in serum lipid levels. Two-sided probability values were considered statistically significant at p<0.05. Results are expressed as mean±SD unless otherwise indicated.
Results
The characteristics of the study population before weight loss are summarized in Table 2 . The differences in variables between men and women were all statistically significant, except for age, body mass index, total abdominal fat area, and total and LDL cholesterol. Although men had, on average, a smaller fat mass compared with women, men had higher triglyceride concentrations and lower values for HDL cholesterol and the HDL/LDL ratio than women. Men had larger visceral fat areas and higher waist/hip ratios, whereas women had more subcutaneous abdominal adipose tissue. Table 3 shows the changes in body weight, body composition, and fat distribution after weight reduction for men and for women. Within each sex, all variables were significantly lower (p<0.0001) after weight loss. Losses of body weight and fat mass induced by the energy-deficit diet did not differ significantly between men and women. Although men and women lost similar amounts of total and subcutaneous abdominal fat, men lost significantly more visceral fat than women, and the decrease in the waist/hip ratio was also significantly larger in men. In both sexes, the mean body weight remained stable from the end of the weight reduction period to the end of the postslimming diet: +0.07±0.87 kg (/7=0.62) in women and -0.07±1.22 kg (p=0.74) in men.
The effects of weight loss on the changes of the various serum lipid levels are illustrated in Figure 1 . The changes of all serum lipids were highly significant (/?<0.0001), except for HDL cholesterol in women (p=0.15). The decreases in total cholesterol and triglycerides were significantly larger in men than in women. The differences in changes in LDL cholesterol and in the HDL/LDL ratio between both sexes were of borderline significance atp=0.06 andp=0.05, respectively. The HDL/LDL ratio rose, on average, in women by 0.05±0.04 (p<0.0001) and in men by 0.07±0.05 (/xO.0001).
In Table 4 the correlations between changes in serum lipid levels and changes in body weight and fat mass are presented. In men, a reduction in body weight was significantly associated with an improvement of the serum lipid profile and a loss of fat mass with increases in HDL cholesterol and the HDL/LDL ratio as well as a decrease in triglycerides (p=0.05). In women, reductions in body weight and fat mass were positively related with decreases in total, LDL, and HDL cholesterol concentrations, although the correlation between changes in body weight and HDL cholesterol did not reach statistical significance (p=0.13). It has been demonstrated that the extent of changes in cholesterol levels that occur with weight loss is also partly dependent on the initial serum levels. 24 There were some significant differences in initial serum lipid levels between the four groups that received different preslimming diets (data not shown). However, adjustment for the contribution of the initial serum lipid levels on changes in serum lipids did not appreciably affect the observed correlations in both sexes, except for higher significant correlations between changes in fat mass and changes in total cholesterol (r=0.38,p<0.05), LDL cholesterol (r=0.31, /?=0.07), and triglycerides (r=0.52,/?<0.001) in men.
The correlations between changes in serum lipid levels and decreases in fat distribution parameters due to weight loss are given in Table 5 . In men and women, none of the correlations between changes in visceral fat or the waist/hip ratio and changes in serum lipids reached statistical significance. Reductions in the total and subcutaneous abdominal fat depots were significantly associated with improvement of the levels of total and LDL cholesterol in women, whereas in men these reductions were associated with improvement of HDL cholesterol and the HDL/LDL ratio. In both sexes, a decrease in total fat mass was strongly related to decreases in total (r=0.77 and /?<0.0001 in women, r=0.64 and p<0.0001 in men) and subcutaneous abdominal fat depots (r=0.78 and p<0.0001 in women, r=0.58 and/?<0.001 in men). After adjustment for the degree of total fat loss, only the correlation between reduction in the visceral fat depot and improvement of the HDL cholesterol level in women reached statistical significance (r=-0.41, p<0.05), and additional adjustment for the initial serum lipid level showed the same tendencies compared with analyses with adjustment for degree of total fat loss alone.
In Figure 2 the unadjusted relations for changes in visceral fat with changes in levels of total cholesterol (panel A) and HDL cholesterol (panel B) are presented for the whole study population. In both cases, the regression lines for men and women did not differ significantly with respect to the slopes. Only the regres- sion lines between changes in total cholesterol and visceral fat differed significantly in the intercept (p<0.05).
Gender differences in changes in total cholesterol and triglyceride levels could not be fully explained by adjustment for the change in visceral fat area. Such adjustment reduced the gender differences by approximately 6% for total cholesterol and 16% for triglycerides, but they remained statistically significant (p<0.05 and p=0.01, respectively). The borderline-significant differences between men and women for changes in LDL cholesterol and the HDLILDL ratio were reduced by approximately 13% (p=0.15) and 38% (p=0.20), respectively, after controlling for visceral fat loss. The gender difference in change in HDL cholesterol was already not significant (p=0.16), and adjustment for change in visceral fat area reduced this difference by approximately 66% (p=0.56). Table 6 shows the correlations between indicators of body fat distribution before weight loss and changes in serum lipids in response to weight reduction after controlling for age and initial total fat mass. Adjustment for these two parameters was necessary because age in both sexes and initial fat mass in men were significantly correlated with visceral fat accumulation: r=0.49 and p<0.01 versus age and r=0.44 andpC0.01 versus initial fat mass in men, and r=0.41 and p<0.01 versus age in women. In both sexes, no significant correlations between the initial waistlhip ratio and changes in serum lipid profile could be observed, although in women the correlation with HDL cholesterol was of borderline significance (p=0.05). In women, an initial abundance of visceral fat before weight loss was significantly associated with an improvement of H D L cholesterol and triglyceride levels after weight loss, whereas in men it was associated with a deterioration of the H D L cholesterol level. Additional adjustment for degree of total fat loss did not appreciably affect the observed correlations in women, although in men the significant relation disappeared.
Discussion
This study in healthy, moderately obese subjects showed that, with similar reductions in body weight and fat mass, men had larger reductions in serum total cholesterol, LDL cholesterol, and triglyceride levels and a larger increase in the HDL/LDL ratio compared with women. Men also lost more visceral fat, whereas reductions in total and subcutaneous abdominal fat were similar. Although these results suggest that a larger reduction in visceral fat is associated with a better improvement of the serum lipid profile, correlations between changes in the visceral fat depot and changes in serum lipids were not significant in either sex. Only the change in HDL cholesterol was inversely associated with a change in visceral fat in women.
The average weight reduction of approximately 12 kg caused by caloric restriction resulted in changes to more favorable serum lipid levels in both sexes, except for HDL cholesterol in women. This weight loss was accompanied by substantial changes in body fat distribution in men as well as women. The larger loss in visceral fat in men compared with women is in accordance with our previous findings that larger baseline amounts of visceral fat are associated with larger reductions in the visceral fat depot with weight loss."
Analysis of the data at baseline revealed that in the studied obese men, the amount of visceral fat was not significantly related to serum lipid levels independent of age and percent body fat.8 In this context, it is not surprising that in these men the loss of visceral fat did not correlate with any of the changes in serum lipid levels. In contrast, the total amount of body fat lost was significantly related with improvement of all serum lipids in men. This suggests that total body fat loss seems to be more important in improving the serum lipid profile of obese men than loss of visceral fat.
In women, initial visceral fat was found to be strongly inversely associated with HDL cholesterol and positively with triglyceride levels but not with levels of total and LDL cholesterol.8 Reductions in visceral fat in women did lead to improvement of levels of HDL cholesterol but not of triglycerides, independent of the degree of total fat loss. The lack of significant correlations between changes in visceral fat and triglyceride levels may be partly due to the relatively large withinperson variations in both variables. 22 ' 25 The only other prospective study in which imaging techniques were used demonstrated a significant correlation between reduction of the visceral fat depot and improvement of triglyceride levels in obese Japanese women, whereas no significant relation was observed with improvement of total and HDL cholesterol. 5 The different results in the Japanese study and the present study could perhaps be partly explained by the initial higher serum triglyceride levels of the Japanese women, the larger obtained reduction in triglycerides, and the fact that serum lipids were probably not measured at the end of a completely weight-stable period. It has been reported that it is important to measure concentrations of HDL cholesterol in a weight-maintenance state. 2627 The relatively large measurement error of visceral fat areas, as described previously by Seidell et al, 22 might cause attenuation of the correlations. Despite these limitations, the correlation between reduction of visceral fat and improvement of the HDL cholesterol level in women was obvious in the present study. Especially obese women with an initial abundance of visceral fat may benefit from weight reduction with regard to their HDL cholesterol levels because they lose relatively more visceral fat than women with less visceral fat at baseline. 11 The exact mechanism by which visceral fat influences HDL concentrations is not fully resolved. It has been proposed that the high hepatic triglyceride lipase activity in obese women with visceral fat accumulation could be responsible for the reduction in plasma HDL cholesterol levels, particularly HDL 2 cholesterol levels, whereas variations in sex steroid levels may play a potential role in the associations between visceral fat and hepatic triglyceride lipase activity. 28 Therefore, gender differences in sex steroid concentrations may be partly responsible for the associations between improvement of HDL cholesterol and visceral fat reduction in women only.
It has been suggested that body fat distribution may be responsible for the gender differences in serum lipid concentrations. 29 This seems to be particularly true for HDL cholesterol and triglycerides. It is less clear for total and LDL cholesterol, as indicated in a previous study 8 and in others. 29 -30 In the present study, average initial levels of total and LDL cholesterol were similar in men and women. The changes in total and LDL cholesterol and visceral fat loss, however, were all larger in men than in women, despite the same degree of total fat loss. These latter findings suggest that visceral adipose tissue seems to play a role in determining serum cholesterol levels. The reason for this discrepancy is still unknown.
In conclusion, the larger observed reduction in visceral fat and the better improvement of the serum lipid profile accompanying weight loss in healthy, moderately obese men compared with premenopausal, moderately obese women suggests a crucial role of the visceral fat depot in the improvement of the serum lipid levels of obese subjects. However, within each sex, no significant correlations between reductions of the visceral fat depot and improvement of the serum lipid profile could be found, with the exception of a significant association in women between visceral fat loss and an increase in HDL cholesterol. It may be that even with imaging techniques the changes in the visceral fat depots cannot be measured precisely enough because of the large within-subject variability in the estimate of visceral fat and that the present study population was too homogeneous with respect to ranges of body fatness and serum lipids. In addition, measurement of changes in total visceral fat does not allow separation of the effects of changes in the different intra-abdominal fat depots (retroperitoneal, mesenteric, and omental). Particularly, the mesenteric and omental fat depots ("portal tissues") are proposed to be associated with metabolic disorders. 2 It may be that associations between these fat depots and serum lipids are diluted by looking at all intra-abdominal fat depots simultaneously. There are no techniques that make it possible to distinguish between these different intra-abdominal fat depots. With the use of the present techniques, the importance of visceral fat in prospective studies on changes in risk factors for coronary heart disease seems to be less clear than previously anticipated.
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